Introduction
The creation of the order Picornavirales has given a useful framework for the taxonomy of a large group of viruses, previously referred to as 'picorna-like viruses' or 'members of the picornavirus-like superfamily or supergroup' [23] . Members of the order Picornavirales share many common properties. They all have small icosahedral particles (25-30 nm) with a pseudo-T = 3 symmetry. The coat protein(s) structure is similar among picornavirales. It is made up of jelly rolls that can all be present in one large CP, or divided among two or three smaller CPs [8, 23 and references therein]. All picornavirales have a positive-strand RNA genome that may be monopartite or bipartite. Each genome segment encodes a large polyprotein. This polyprotein is cleaved by cysteine proteinases (such as the picornavirus 3C proteinase) that are structurally related to chymotrypsin [1, 9, 13] . The genome organization is conserved among picornavirales. The genome contains a typical 'replication block' that includes a type III helicase, the 3C-like proteinase and a type I RNA-dependent RNApolymerase (Hel-Pro-Pol) [23] . The order Picornavirales includes viruses that infect vertebrates, insects, arthropods, higher plants, fungi and algae.
The family Comoviridae was for a long time the only known group of plant ''picorna-like viruses'' [12, 18] . Members of the family Comoviridae have bipartite genomes and contain either a single coat protein (genus Nepovirus) or two coat proteins (genera: Comovirus and Fabavirus that are mainly distinguished on the basis of their mode of transmission and hierarchical clustering of amino acid sequences). The discovery of plant ''picornalike viruses'' with a monopartite genome and three CP subunits resulted in the creation of a distinct family, Sequiviridae, which currently includes two genera (Sequivirus and Waikavirus, distinguished by their specific genomic organization and mode of transmission) [19] . The molecular characterization of a number of new viruses as well as viruses previously considered to be members of the genus Nepovirus revealed that they differ significantly from nepoviruses, comoviruses and fabaviruses [22] . These new viruses have a bipartite genome and encode either two or three CP subunits, which distinguishes them from the nepoviruses. In phylogenetic studies based on their replication proteins, they were found to be related to members of the families Comoviridae or Sequiviridae, but branched in separate clades. Two new genera were created [22] . The genus Cheravirus includes viruses that have three CPs [20] , and the genus Sadwavirus includes viruses that have two CPs [21] . Originally, various studies proposed that the new genera should be included in the families Comoviridae or Sequiviridae or that a new family should be created [10, 14, 16, 17, 24, 40] . However, at the time of creation of these genera, the executive committee from the International Committee for the Taxonomy of Viruses (ICTV) felt that a reevaluation of the taxonomy of plant picorna-like viruses was necessary before the two new genera could be assigned to either existing families or to a new family. Thus, for the time being, the genera Cheravirus and Sadwavirus are included in the order Picornavirales but are not assigned to any family [20] [21] [22] [23] .
The current classification has limitations in that properties shared by cheraviruses, sadwaviruses and other plant viruses classified in the order Picornavirales are not recognized. In addition, some viruses are still difficult to assign to existing genera/families. For example, strawberry latent ringspot virus (SLRSV), a founder member of the nepovirus ''group'' is currently considered a tentative sadwavirus because it encodes two CP subunits, but it clusters with cheraviruses in phylogenetic analysis using the amino acid sequence of replication proteins and has other characteristics typical of cheraviruses [22] . Recently, the elucidation of the complete genomic sequence of tomato torrado virus (ToTV) and tomato marchitez virus (ToMarV), two plant ''picorna-like viruses'' of a new type, also suggests that they do not belong to any of the existing genera and that a new genus should be created within the order Picornavirales [44, 45] . The ''plant picornavirales'' ICTV study group reevaluated the taxonomy of this group of viruses and proposed to create a new family that would encompass all plant viruses that currently belong to the order Picornavirales (these viruses will be referred to as plant picornavirales in the remainder of this paper). Because the proposed family is mainly an amalgamation of the families Sequiviridae and Comoviridae (as well as the unassigned genera Cheravirus and Sadwavirus), the name ''Secoviridae'' was selected for the new family. The family is proposed to include the genera Comovirus, Fabavirus, Nepovirus, Sequivirus, Waikavirus, Cheravirus and Sadwavirus (Table 1 ). In addition, the study group proposed to create a new genus termed Torradovirus and to assign this new genus to the proposed family Secoviridae. The ICTV executive committee approved the proposals in 2008 and posted them for ratification by the ICTV membership. This paper discusses the rationale for the creation of the family Secoviridae and genus Torradovirus and outlines the common characteristics of members of the new family as well as criteria distinguishing genera within the family.
Rationale for the creation of the proposed family Secoviridae
Although the diversity in the genomic organization of plant picornavirales is apparent (Fig. 1) , these viruses share many common features. In addition to having characteristics in common with other picornavirales as discussed above (general capsid structure, polyprotein strategy for [28, 30, 33, 34, 43] . In the case of comoviruses, nepoviruses and cheraviruses, experimental evidence has been provided indicating that the tubular structures enable cell-to-cell movement of the virus in the plant and that the viral movement protein is a structural component of the tubules [31, 32, 46, 48, 49] . The mechanism of cell-to-cell movement has not yet been elucidated for other viruses. One sequivirus (parsnip yellow fleck virus, PYFV) was reported to induce tubules that traverse the cell wall and contain virus-like particles [28] . Although these tubular structures are similar to those observed for comoviruses, nepoviruses and cheraviruses, it is not known whether they are required for cell-to-cell movement of the virus. A movement protein has not (yet) been identified in the genome of sequiviruses or waikaviruses. Viruses must also spread from plant to plant. While many plant picornavirales use a specialized vector (aphid, beetle, whitefly, nematode or mite) to do so (Table 2) , others do not apparently require a vector, and they disseminate via pollen or seed transmission. Thus, the requirement for a specific vector is not a distinctive feature of the family or even of a genus within the proposed family. For example, although nepoviruses have long been assigned to the genus based on their transmissibility by nematodes, at least one nepovirus (blackcurrant reversion virus, BRV) is transmitted by mites, one nepovirus (tobacco ringspot virus, TRSV) is transmitted by thrips and nematodes, and several other nepoviruses do not have apparent vectors [27, 34, 37] . In addition, several nematode-transmitted viruses previously considered as tentative or definite nepoviruses have now been reclassified as sadwaviruses or cheraviruses based on the number of capsid proteins they contain and their phylogenetic relationships [22] .
Virus structure
All plant picornavirales have icosahedral particles with a pseudo-T = 3 symmetry. The three jelly rolls, which are characteristic of picornavirales CP(s), can be present in one large CP with three jelly roll domains (Nepovirus), two CPs (one large CP including two jelly rolls and one smaller CP with a single jelly roll; Comovirus, Fabavirus and Sadwavirus) or three CPs (Sequivirus, Waikavirus, Cheravirus and the proposed new genus Torradovirus; see Table 2 ) [8, 23 and references therein]. While the number of CPs is currently considered a criterion for genus demarcation within the proposed family, this may need to be reevaluated. For example, SLRSV is currently considered a tentative sadwavirus because it has two CPs. However, the size of the two RNAs and the length of the 3 0 untranslated regions are more similar to that of cheraviruses (Fig. 1) . In addition, sequence comparisons reveal that SLRSV is more closely related to cheraviruses than to sadwaviruses (Fig. 2) .
Genome organization and cleavage site specificity of the proteinase Plant picornavirales have either a monopartite or bipartite genome. This could be an argument against the creation of a family regrouping these viruses. However, there are several other examples of families (e.g., Potyviridae, Closteroviridae) or even genera (e.g., Begomovirus in the family Geminiviridae) that include members that have either bipartite and monopartite genomes [2, 25, 36] . In spite of their apparent diversity, plant picornavirales share several similar features in their genomic organizations (Fig. 1) . They all express their proteins as polyproteins and have a common Hel-Pro-Pol organization, a property shared with other picornavirales. In viruses that have a bipartite genome, the RNA2 polyprotein contains the CP domain(s) at its C-terminus, and the MP domain is always located immediately upstream of the CP domain. Information regarding the location of a putative MP domain is lacking for the viruses that have a monopartite genome. In addition to the number of genomic RNA segments, there are other notable differences in the genome organization of plant picornavirales (Fig. 1) , and these differences can be used as criteria for genus definition within the proposed family. First, the number of protein domains in the polyproteins, which are defined by the characterization of the cleavage sites recognized by the viral proteinase, can vary. For example, the presence of two domains upstream of the helicase domain on the RNA1-encoded polyprotein has been suggested to be a common feature of nepoviruses that distinguishes them from comoviruses or fabaviruses [47] . Second, the presence of additional open reading frames has been reported for members of the proposed genus Torradovirus [44] (see below) and for waikaviruses [11, 38] , although additional studies will be required to confirm that these predicted ORFs are functional. Third, in the case of a waikavirus and a nepovirus, possible subgenomic RNAs that correspond to the long 3 0 untranslated region have been detected in infected cells, although it is not clear whether these RNAs encode a protein and what their biological function may be [3, 35] . Fourth, although a polyA tail is present in most plant picornavirales, it is apparently absent from the genome of a definitive and a tentative sequivirus [15, 42] , although it is present in another tentative member of this same genus [26] . Fifth, the cleavage site specificity of the proteinase varies (Table 2) , sometimes even within a genus (e.g., Nepovirus).
Sequence comparisons
The conserved domains between the ''CG'' motif of the 3C proteinase and the ''GDD'' motif of the polymerase (Pro-Pol region) have been used to determine the relationships among picornavirales [23] . Phylogenetic studies using the Pro-Pol region reveal that all plant picornavirales group into a single branch when compared to other members of the order Picornavirales (see multiple sequence alignment generated with the ClustalX program [39] in Supplementary Fig. 1 and dendogram in Fig. 2) . Although the level of diversity within this branch is high, it is in the same range as that currently accepted for the family Picornaviridae [23] . Within the plant picornavirales branch, several lineages are formed that generally represent the various genera within the proposed family Secoviridae (Fig. 2) .
Defining characteristics of the proposed family Secoviridae and criteria defining genera Considering the above, the study group proposed to create a new family termed Secoviridae to include the genera Comovirus, Fabavirus, Nepovirus, Sequivirus, Waikavirus, Cheravirus and Sadwavirus (Table 1 ). The study group also proposed to create the genus Torradovirus with the type species Tomato torrado virus and to include this genus in the family Secoviridae (Tables 1, 3) . Finally, the study group considered the tight grouping of the currently recognized family Comoviridae (Fig. 2 ) and felt that this should be recognized at the taxonomic level. Consequently, it was suggested to create the subfamily Comovirinae within the family Secoviridae.
The criteria used to define genera within the proposed family will continue to be considered by the study group. At this time, we propose that some but perhaps not all criteria listed below may need to be met to define a genus. For example, members of the genus Nepovirus vary in the number of processing sites in their polyproteins (subgroup C nepoviruses have an additional protein domain on RNA-2) [7] and in the specificity of the proteinase [6] , suggesting that this genus could be further divided ( Fig. 1; Table 2 ). However, clustering in the Pro-Pol dendrogram does not support the current nepovirus subgroups (Fig. 2) . The possibility that the genus Nepovirus should be split into several genera will be carefully considered by the study group in the coming year(s). Similarly, the genera Sadwavirus and Cheravirus will need to be further considered. The genus Cheravirus is well supported by the number of CPs, genomic organization and clustering in the Pro-Pol dendrogram [with the inclusion of Stocky prune virus (StPV) as a definite species, a proposal recently ratified by the ICTV membership] [5, 20, 22] . However, the genus Sadwavirus may need to be further defined. The genus is currently defined by the presence of two CPs [21] . As mentioned above, SLRSV is a tentative member of the genus because it encodes two CPs. However, it groups with cheraviruses in the Pro-Pol dendrogram and has a genomic organization similar to that of cheraviruses (Figs. 1, 2) . The study group will therefore need to carefully consider the relationship of SLRSV to the two genera and may need to redefine the criteria for the two genera [22] . Similarly, the taxonomic position of strawberry mottle virus and black raspberry necrosis virus within the family Secoviridae will need to be redefined once more information is available regarding the genomic organization of RNA2 and the number of CPs (Table 2 ; Fig. 1 ) [22] . For the time being, we suggest that they should be considered tentative members of the genus Sadwavirus, based on their grouping in the Pro-Pol dendrogram (Fig. 2) .
Finally, although the proposed subfamily Comovirinae is well supported by the Pro-Pol dendrogram, we felt that more information is required (as additional sequences become available) before other subfamilies can be suggested. For example, although the genera Sequivirus and Waikavirus share some common characteristics (number of RNAs and number of CPs), they also differ in other characteristics (presence or absence of a polyA tail and/or sub-genomic RNAs), and they do not branch together in the Pro-Pol dendrogram to the same level as that seen for the proposed subfamily Comovirinae (Fig. 2) . The creation of other subfamilies within the family Secoviridae will be considered by the study group in the coming years along with the redefinition of some of the genera. Not all criteria may need to be met simultaneously.
Rationale for the creation of the genus Torradovirus
Tomato torrado virus shares many characteristics with members of the proposed family Secoviridae, including similar virion structure and genome organization, with the typical Hel-Pro-Pol domains at the C-terminus of the RNA1-encoded polyprotein [44] . The RNA2-encoded polyprotein contains the domains for three CPs and a putative movement protein [44] . Phylogenetic studies using the Pro-Pol region reveal that ToTV branches with members of the proposed family Secoviridae when it is compared to other picornavirales [23] . A putative movement protein was identified in the genome of ToTV (the proposed type species for the new genus Torradovirus), but it has no homology with the movement proteins of members of the family Comoviridae, except for a very small motif (LxxPxL motif) [44] . It is not known whether ToTV or related viruses induce tubular structures to enable their movement from cell to cell. The bipartite genome and the three CPs are properties that are shared by cheraviruses. However, other properties are unique to ToTV. In particular, a second partially overlapping reading frame was detected upstream of and partially overlapping with the polyprotein on RNA2 (Fig. 1) . Recently, the complete sequence of ToMarV and the partial sequence of tomato apex necrosis virus became available [41, 45] . ToMarV and tomato apex necrosis virus are closely related to each other, suggesting that they are isolates of the same species [45] . A new isolate of ToTV (isolate Wal'03 from Poland) has recently been completely sequenced [4] . ToMarV shares many common properties with ToTV, including the presence of three CPs and an additional open reading frame on RNA2. In phylogenetic studies using the Pro-Pol region, a conserved region of the helicase domain or the CP domains, ToMarV, ToANV and the two ToTV isolates group together in a branch that is separated from other genera in the proposed family Secoviridae [4, 44, 45] (Fig. 2) .
Tomato torrado virus was reported to be transmitted by whiteflies (Trialeurodes vaporariorum) [4, 29] . This vector has not been reported to be involved in transmission of other members of the proposed family Secoviridae. Information is not available regarding vector transmission of ToMarV or ToANV.
Although ToTV and ToMarV are related, the sequence identity at the amino acid level is 65% for the entire RNA1-encoded polyprotein and 78% in the Pro-Pol region. In the RNA2-encoded proteins of ToTV and ToMarV, the first open reading frames share 63% sequence identity (at the a.a. level), while the second open reading frames share 66% sequence identity. The a.a. sequence identity for the three CPs combined is 75%. In addition, the length of the 3 0 untranslated regions differs between the two viruses and has less than 50% nucleotide sequence identity. Based on criteria currently accepted to distinguish species in other genera of the proposed family Secoviridae, this suggests that these two viruses constitute distinct species. In contrast, ToMarV and ToANV are highly similar (99% sequence identity for the Pro-Pol region and 89-98% for the CPs) [45] , confirming that they are likely two isolates of the same species. Similarly, the two isolates of ToTV share a high degree of sequence identity (99-100% in the Pro-Pol and CPs) [4] .
Based on this information, the study group proposed to create the genus Torradovirus within the new family Secoviridae and to assign Tomato torrado virus as the type species (Tables 1, 3 ). The term torradovirus is derived from tomato torrado virus. In Spanish, ''torrado'' means ''toasted'' to refer to the severe necrosis (burnt-like phenotype) observed in the disease induced by ToTV.
Example of criteria defining species within the proposed genus Torradovirus 1. Less than 75% amino acid sequence identity in the CPs within a species 2. Less than 80% amino acid sequence identity in the proteinase-polymerase region 3. Type of biological vector 4. Host range 5. Absence of serological cross-reaction 6. Absence of cross-protection These criteria were defined by analogy with criteria established for other known genera within the proposed family Secoviridae. They may need to be adjusted as more viruses become characterized. Not all criteria may need to be met simultaneously.
